The reducing sugar content of sugar beet (Beta vulgaris L.) roots increased during 30 days of storage at 21 C and 160 days at 5 C as a result of an increase in acid invertase activity. Sucrose synthetase and neutral invertase activities were high at harvest but declined during storage, thus showing no relationship with postharvest reducing sugar accumulation in sugar beet roots. Acid a-glucosidase activity was detected in fresh roots but showed no activity with sucrose as a substrate.
The sucrose content of sugar beet roots declines after harvest as a result of sucrose conversion to reducing sugars and oligosaccharides (20) . At storage temperatures above 5 C reducing sugars (glucose and fructose) accumulate, while at temperatures below 5 C both raffinose and reducing sugars accumulate (20) . The objective of this study was to determine which enzymes are involved in sucrose degradation in sugar beet roots during storage.
Acid invertase activity is normally very low in fresh sugar beet roots, but induction of invertase activity by aging beet disks in water has been well documented (1, 15, 19 were added and only 0.03 ml of the enzyme preparation was used. Assay mixtures for acid invertase were the same as for neutral invertase except that the phosphate buffer was replaced by acetate at pH 5.0. The reactions were stopped by adding 1 ml of Somogyi's (18) copper reagent and reducing sugars determined by the method of Nelson (14) . Glucose liberation, in assays in which maltose was the substrate, was determined by the glucose oxidase/peroxidase method with a commercial reagent (Glucostat, Worthington2).
Protein was determined by the method of Lowry (9) . The reducing sugar content of the stored roots was determined on a clarified extract prepared by the method of Dexter et al. (4) .
RESULTS AND DISCUSSION
In a preliminary experiment a survey of enzymes which may degrade sucrose in fresh sugar beet roots was made. Sucrose, raffinose, and maltose were used as substrates and assayed at pH 4.5 and 7.2. At pH 7.2, activity on sucrose and raffinose indicates the presence of a neutral invertase. Hydrolytic activity on raffinose and maltose but not on sucrose at pH 4.5 indicates the absence of an acid invertase but the presence of an ac-galactosidase and an a-glucosidase (Table I) but activities of this enzyme in other plants show pH optima of 3.5 to 5.5 (5, 11) . Acid a-glucosidase activity has been reported previously in sweet corn (12) and alfalfa (8) . The occurrence of an acid a-glucosidase in sugar beet root is surprising but may indicate a genetic carryover from the starch-storing ancestors of the sugar beet. The pH optimum for the neutral invertase was 7.0 to 7.3 in phosphate buffer. This is very near the pH optima reported for neutral invertase in sugarcane (7), carrot (16) , and pea (10) but below the pH reported for bean (2, 17) .
The activities for sucrose synthetase, acid, and neutral invertase were followed during storage.
Reducing Sugar Content and Enzyme Activity During Storage. The reducing sugar content of the roots did not change during 30 days of storage at 2 C, but doubled at 21 C. At 5 C the reducing sugar content increased rapidly in the last 50 days of storage (Table II) .
Neutral invertase and sucrose synthetase activities declined under all storage temperatures (Table II) . During 150 days of storage at 5 C, sucrose synthetase activity declined to near zero, and therefore is not important in reducing sugar accumulation during storage. This decline in sucrose synthetase activity during storage is similar to that found in potatoes (15) and indicates that sucrose synthetase is not active in sucrose degradation and nucleotide sugar production during storage.
Neutral invertase activity decreased to a specific activity of 25 to 30 and then remained constant for up to 150 days at 5 C. Therefore, neutral invertase may be metabolically active in the accumulation of sucrose during the growing season (6) and only of minor importance in sucrose hydrolysis after harvest. Acid invertase activity was barely detectable at harvest but increased 10-fold at 2 C and almost 30-fold at 21 C. The 3-fold increase in acid invertase activity during the last 50 days of storage correlated very closely with the increase in reducing sugars during the same period. The increase in acid invertase activity, even at low temperature at which reducing sugars did not accumulate, may indicate that acid invertase activity is essential for the postharvest production of respiratory substrates in the sugar beet root. Although the increase in acid invertase followed the increase in reducing sugars very closely, its activity was much lower than that of neutral invertase.
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